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Sﬁ RITY INFORMATION
L | d i

According to the terms of Contract Néonr-27701 (NR-083-
004), the work to be performed by the Contractor shall con-
8ist of the following:

1. The Contractor shall furnish the necessary personnel
and facilities for and, in accordance with any instructions
issued by the Scientific Officer or his authorized repre-
sentative, shall

(a) conduct research, analyze, and compile data and
technical information, prepare material for charts,
manuals, and reports, and foster the training of
military and civilian personnel in the following
fields of oceanography:

i) permanent currents;
1) 1interaction of the sea and atmosphere (including
wind waves, swell, and surf);
(111) the distribution of physical properties;
(iv) the distribution of chemical properties;
(v) the distribution of organisms;
(vi) the characteristics of the sea bottom and

(
(1

beaches;
(vii) tides, tidal currents, and destructive sea waves;
and
(viil) the physics and distribution of sea and terrigenous
ice,

The research shall include, but not necessarily be limited to,
the following:

) studies of North Atlantic oceanography;
) wave observations and analysis;
) current measurements; eSS’

; studies of Arctic oceanography; \"NTIS GRA&L
)

)

“Accession For

NN S~~~

development of unattended instrumentsfby;fg:
Unannounced

thermocline studies;
and
studies on inshore oceanography.
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INTRODUCTION

During recent years it has become clearer that in many aif-
ferent ways waves can exert an important influence on the success
of naval operations, Durlng world War Il it was thought that the
most Important applications of wave research were in connection
with amphibious operations, but 1t 1s now evident that in a future
war nearly all kinds of activitles at sea can be adversely affected
by waves, not only by storm waves but also in some cases by waves
only a few feet high, 1If this 1s true, then it is highly desirable
to improve means of predicting open ocean wave conditlons,

A renewed attack on wave theory has recently been made at New
York University which at the very least gives promise of having
broad application in naval architecture, These new studies by Dr,
#11lard J, Plerson, as well as other aspects of present-day wave
research, require a rellable open ocean wave meter that will pro-
vide a continuous record during at least a period of 20 minutes
from which the power spectrum can be convenlently derived.

For these reasons during the autumn considerable thought was
glven as to how best this Institution could contribute to a
renewed attack on wave problems., Although no member of our staff
considers himself a specialist in wave research, in the course of
the present fleld program much useful information could easily be
collected, provided sultable instrumentation were avallable, It
was decided that the necessary Instrumental development would be
carried out under our contract with the Bureau of Ships, but,
since several Investigators whose work 1is reported on below have
made valuable suggestlons and have taken part in frequent dis-
cussion concerning waves, 1t seems worth while summarizing the
basic considerations here,

In the first place, it was obvious that to design into a
single instrument the ablllty to record over a wide range of sea
conditlons would be most difficult, we did hope, however, to
develop an instrument that could deal with waves of', say, less
than 10 feet in helght and that perhaps some quite different
method would be effective under storm conditions, It was decided
that the first objective would be to strive for precision, even
though considerable compexity might be Involved, so as to have
avallable at least one measuring system against which other, more
approximate methods could be evaluated,

Many possible systems were studied and for one reason or
another lald aside, For example, it was decided to avold systems
employing accelerometers, either as the primary sensing element
or as a correction, as in the ship-borne systems under develop-
ment 1in Fngland and at our Hydrographic Office, even though these
may well turn out to be the only practical way to measure storm
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. waves, In both cases the output of an accelerometer on the bow
3 of the ship, after double integration, is subtracted fran a record
i that 1s essentlially the rise and fall of the water on the stern,

g,
o

¥ : Of the alr-borne systems, one studied by Mr, von Arx was by

far the most attractive, This would require two planes so as to

secure an adequate base line for a pair of synchronized cameras.

For all but quite small waves the resolving power of thils system

4 appears to be adequate, However, even if a pair of long range

; planes could be made avallable, not only would the labor of

% reducing the phctographs to the power spectrum of the waves Gte
considerable, but also it seemed improbable that the conditions for

ohotography In a generating area woula often be favorable,

Methods employing an upside-down scho sounder at first also
appeared promising., kven 1f a submarine were seldom avallable as
a stable platform, the double catenary system suggested by Dr,

w, V, R, Malkus for turbulence measurements could be used to tow
the transducer at & steady depth below the surface, Hhowever, as
the autumn progressed sc that tests could be made in strong winds
in local waters it became evident that for winds stronger than

about 30 miles per hour too many alr bubbles are present down to
depths of 50 feet or more to permit continuous echoes off the sesa
surface and for small waves this method lacks resolving power,

As the study progressed it was declded that if a wave pole
and damping disk method could be made to provide a stable platform,
by far the most flexible system would be to use the change in
capacitance of an insulated wire, culling the sea surface and held
perpendicularly by a wave pole, to vary the frequency of a radio
signal. Several standard systems for recording a variable fre-
quency signal and of analyzing by acoustical instruments for the
power spectrum would then be available, The question here was:?
could a wave pole and damping disk be desligned that would perform
reasonably well in wind waves approaching 10 feet in helght? A
number of variations of a dampling disk were tried out in the hope
of overcoming the difficulty that the front side of a wind wave 1is
8o much steeper than the back side, The resulting uneven tug of
the wave pole causes a simple damping disk to rise with each wave
passage a little more than it descends, so that the wave pole
gradually climbs higher and higher in the water until the float
broaches, The result is that after a time the system begins to
record square-topped waves., To date all efforts to overcome this
difficulty under a variety of sea conditions have failed, although
we do now have an excellent instrument for use where the water 1s
sufficliently shallow to float the wave pole up from a bottom mooring.

Although the initial results of this work were somewhat dis-
couraging, there is no lack of ideas involving somewhat more com-
plex systems,
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NORTH ATLANTIC OCEANOGRAPHY

Second Trade-Wind Cruise. The ATLANTIS Cruise 181 started
at Rio de Janeiro where Mr, Fuglister took over from the Colum-
bia University group., A total distance of 7200 neutical miles
was covered durlng this cruise., A study wes made of the Brazil
Current between Rio de Janeiro and Kecife, Fourteen sections
were made across the Gulana Current on the leg from Recife,
Brazil, to Port of Spain, Trinidad. One section was made across
the eastern end of the Antilles Current and four stations were
occupled in the deep western basin of the North Atlantic south
of Bermuda.

bBathythermograph observations were made hourly, generally
to a depth of about 800 feet. These data fill in an important
gap in our over-all distribution of observations in the North
Atlantic., The instruments used were in poor shape, so that a
careful check of the data and recalibration of the instruments
will be necessary before the bathythermograms are processed.

The data showed that in the area off the coast of South
America between Rio and Recife there are no major temperature
changes such as are found in the Gulf Stream System in com-
parable northern latitudes., Insofar as such data can be used
to indicate the current pattern they did show numerous relatively
~eak currents and countercurrents in this region,

In the Guiana Current area along the northeastern coast of
South America the most striking feature of the bathythermograph
data was the stratification within the thermocline layer as
indicated by step-like traces. This same phenomena was observed
during the trade-wind cruise of last spring.

After the bathythermograms from this cruise are processed
a chart of the temperatures at a depth of 200 meters in the
North Atlantic will be produced.

Sixty-eight stations were occupied on the cruise where tem-
perature, salinlity, oxygen and phosphate samples were obtained
by the Nansen bottle method, On eighteen of the stations total
phosphate and total nitrate samples were taken. Where the depth
of the sea permitted all stations went to more than 2,000 meters,
Nineteen stations were to depths over 3,000 meters, the deepest
cast made went to 5,460 meters, One bottle and two thermometers
were lost when they struck bottom. In general the gear worked
well though some difficulty was caused by the mercury sticking
in several unprotected thermometers, These station data fill
in a gap in our knowledge of the density and chemical structure
of the Atlantic especially in the Guiana Current area. Since
this current crosses from the southern to the northern hemisphere,
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variations in the density pattern along its course should be of
particular interest, The outstanding feature of the thermal
structure In this area 1s an i1sothermal layer averaging about

200 meters thick lyling beneath the thermocline at depths between
1,000 and 1,500 meters, Occasionally a slight temperature inver-
slon occurred within this layer,

Some f'ifty observatlons were made with the geomagnetic elec-
trvkinetograph on the first leg of the crulse, OSponge rubber floats
were attached along the cable in order to keep both electrodes at
the surface of the water, The action of the floats appeared satis-
factory but where a float was situated within a few inches of the
after electrode the bending action was too abrupt and broke the
cable, On several occaslons pleces were torn out of the rloats
by fish, Attempts to repalr the cables and electrodes were unsuc-
cessful and after two observations north of Recife the Instrument
was secured, The observations obtalned south of Kecife showed a
series of relatively weak currents and countercurrents,

Unfortunately the new pltometer which was shipped to Kio was
not tested and put into working order until after the GEK was
secured. Navigational evidence was used to determine the direc-
titon of the surface currents and then the pltometer was towed up-
stream, The wire angle which developed, in the horizontal plane,
frequently indlicated a change in current direction with depth,

At one station the direction of the surface current was extremely
doubtful so the pltometer was towed in a large circle, the ship
changing course 15” every five minutes, All these observatlions

were made in the Gulana Current area. The results are not satls-
factory but time did not permit more extensive work with the instru-
ment,

Because of failure of the trawl winch only one bottom core
was obtalned on the first leg of the crulse, The wlinch was
repaired in Recife and nine cores were obtalned during the remalnder
of the crulse, six In the Gulana Current area and three in the deep
basin south of Bermuda. &xcept for the one fallure of the winch
the equipment worked well, Some difficulty was experlenced In
determining when the bottom was reached on those occaslons when
the tension change was damped by the Carbon 1} sampling can.

Three samples of bottom water, for Carbon 1ll} analysis, were
brought to the surface. In each case the sampling can was leaking.
Twice the clamp at the bottom of the can was torn loose., On two
other occasions the can failed to close,

Throughout the crulse the KNM echo-sounder with the hull-
mounted sounder and the KDO with the towed sounder were in opera-
tion., On numerous occasions there appeared to be more than a
fifty fathom difference in the records obtained by the two
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{instruments, On various occaslons one or the other lnstrument
was undergoling repairs. These data have been turned over to
the Lamont Geologlcal Observatory which will in turn pass them

to the U, 8, Navy Hydrographic Ofrice. The only unusual feature

noted on the crulse was a ;5 fathom bank discovered at 22°25'

south, 37°35' west. The charts used aboard ship indicated depths

of 2,000 fathoms at this place, The ATLANTIS made two traverses
of' the dank and a bottom sample of coral was obtalned,

After Rhecife SOKFAR bombs were dropped at regular intervals
until the ship reached Bermuda,

Note: For the sake of continulty and in order to round out
the more general plcture of North Atlantic oceanography, readers
are informed that this work is reviewed also in the periodic
status report for Contract Nonr-709(00) which contract supported
the work during this quarter,

Current Measurements by G,E,K, Observations made on the
most recent crulse of ATLANTIS from Rio de Janeiro to woods Hole
have been received as well as a report on the behavior of the
buoyed cable, necessary in low magnetic latitudes. UGenerally
speaking, the float system worked satlsrfactorily, but it was
found that the cable flexed and finally parted between the more
distant electrode and the float immediately ahead, During the

preliminary trials this float had been moved closer to the electrode
case than a strictly parabolic spacing required in order to improve

the towlng attitude of the float, This was obviously a mistake,.

The general catalogue of electric potential measurements at

sea begun by Mr, Lansing P, wagner 1s now more than half completed,

Few of all the known GEK measurements have yet to be recelved,

The response of laboratories rar and wide to our request for data

has been both wholehearted and gratifyingly prompt. 1t is hoped

that the catalogue may be made avallable before the latter part of

next year,

The Appearance of the Sea Surface from the Air, Two flights

In the PBY have been made during the past gquarter from klizabeth
City, N, C., eastward along the edge of the Gulf Stream to 70°w,
On the later flight made on 25 November, Mr, von Arx reports it
was possible to follow the visible outcrop of the front for
approximately one third of the rlight along the continental edge

of the Gulf Stream and to detect a change In the surface tempera-

ture at regular intervals throughout the entire distance, Study
of the thermal and visual records obtalned on this rlight reveal
a finer pattern of frontal waves superimposed on the long wave

lengths similar to those recorded from shipboard during multiple

ship survey of 1950, and at other times, The rine pattern may be

only superficial,

RICTE

SE! INF

ON

R AT P SR 7 WU




8

B I T o S S IS SRS A T T

2%°

ity 10"

20°

0

38

e o 'Eﬁi e

...... e 1,3:

o Bl Kbt G0l
1 :

. i £

Track chart, showing cruises made during 1952 in the
Equatorial region by research vessels ATLANTIS and
ALBATROSS III. Dots and numbers refer to hydrographic
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Recently, the field of view of the nose camera has been
increased from 65° to 80° without increasing distortion., The
equipment has also been made semi-automatic so that it will run
without mechanical attention for as long as thirty-three minutes,
the 1i1fe of one film magazine, at a time-lapse interval of one
frame per second., Atmospheric haze has proven to be a con-
siderable barrier to the main enance of uniformly high quality
color photographs, When hagze filters are used, too much of the
blue light of the sea is deleted to permit the subtle color
differences between slope water and Gulf Stream water to re
recorded regularly. As an aslternative there may be advantages
to using infra-red film and an 89A filter to penetrate the haze
or to employ Type A Kodachrome with a modified daylight correc-
tion filter to admit more blue light from the sea and less of
the longer wave lengths scattered in the alr, The nose camera
equipment for the PBY has also been used by Mr, Bunker and Dr,
Joanne Malkus for meteorological studies of cumulus clouds.

'he problems of plane to cloud photography have not been trouble-

some,

work from alircraft over open ocean offers navigational
problems for when course changes are made at frequent Intervals
it 1s difficult to determine the route traversed between suc-
cessive Loran fixes, It would be very helpful were the plane
equipped with a dead-reckoning tracer, To facilitate reduction
of data it is contemplated that the indications of several stan-
dard instruments such as the magnetic compass, clock, and altimeter
be recorded simultaneously on the nose camera films., Arrangements
are also being considered for adding to this film record an inaica-
tion of the radlation thermometer reading.

ARCTIC OCEANOGRAPHY

Arctic Fileld Observations, A technical report on Project
Skijump II has been completed and is at present in press, 9
worthington returned from the ice island T-3 on January 15 and
i1s at work on a report on his activities there, bDefore any obser-
vations could be taken, it was necessary to construct a heated
laboratory on the "beach" of the 1sland, The laboratory was built
with snow blocks, roofed over, and insulated., Three hydrographic
stations were made before the laboratory was destroyed by a pres-
sure ridge on December 9,

A new laboratory was completed toward the end of December
and two more stations ocecupled and a mud core obtained. Titra-
tion of the salinity samples has shown much pollution, The pol-
lution apparently occurred in storage since the samples taken on
the last station average only about 0,10 ©/00 too fresh, against
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as much as 3 9/00 too fresh for the first station, The sample
bottles were waxed and kept frozen while in storage. Lxperi-
ments are under way to determine 1f the polyethylene plastic
sample bottles are im any way responsible for this,

iHelations between North Atlantic Ice and Arctic weather,
To what extent the variations in the Atlantic-Arctic ice are
related to the general storminess of the northern North Atlantic
~was examined by Mr, Schell., He also checked a theory, propossd
independently by Zubov and Schell, to the effect that when the
ice retreats from the Atlantic side of the Arctic it extends
farther south on the Pacific side and vice versa,

o test the possible existence of a relation between the
southerly 1imit of the ice and the stormliness of the northern
North Atlantic, the average annual frequency of storms by decade
was examined for the area 0°W, 70°W, and [O°N, 70°N, This was
done for the area as a whole and for each five degree zone of
latitude and ten degree zone of longlitude, The period examined

was that from 1901 to 1938.

A decrease in the over-all storm frequency was found from
the first decade (1901 to 1910) to successive decades with the
lowest value of the average annual frequency for the 1921-1938
period., It appears that this diminution in storm frequency is
generally in line with the more northerly position of the
Atlantic-Arctic ice in recent decades,

A comparison of the annual (mean April-August) southerly
ice 1imit in the Atlantic-Arctic with that in the Pacific-Arctic
showed a tendency for the ice to retreat on the one side of the
Arctic while extending farther south on the other side and vice
versa, The amount of interrelation, though apparently real, 1is
quite small and would explain only about a {ifth of the annual
variation in the ice on either side of the Arctic.

Over a period of years the relation should be very con-
siderable, For example, the average ice limit in the Atlantic-
Arctic has decreased by 18% from the 1901-1920 period to the
following 1921-1939 period. During the same two periods the
average ice limit has increased by roughly the same amount; i.e.,
22% on the Pacific side of the Arctic,

DEVELOPMENT OF INSTRUMENTS

Unattended Instruments. BEfforts have been concentrated almost
entirely during this quarter on the problem of getting an explo-
sive-actuated release for unattended instruments into the water,
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Progress has been slow, largely because of an underestimation

of the manpower requirements, but individual components have
tested satisfactorily and a comprehensive deep-sea test program
is planned during January. It is hoped that two or three release
mechanisms may be set in very deep water during the March CARYN
cruise to the Bermuda erea,

A deep-sea pressure recorder for the detection of small
pressure fluctuations on the bottom is at a stage of development
which indicates that it can be used as a cable-lowered device on
the forthcoming cruise and possibly completely unattended for a
relatively short period of time.

Four sets of Gifford grapnels have been manufactured, but
their use in dragging for the Klebba temperature recorders,
currently placed on the continental shelf, has been deferred
until better weather in the spring.

Submarine Cable Connected EKlectrodes. The program of poten-
tial measurement across the Florida Straits is still in progress,
and has been going more or less continuously since August 1, 1952
with the very generous cooperation of the Western Union Company.

Plans for measurements on the all-British cable from Halifax
to Bermuda and Bermuda to Turks Island are well under way and
measurements will begin at Bermuda in February. The British Cable
and Wireless Company is making their cable available for these
measurements,

MODEL STUDIES OF OCEANS

Active experimental work on ocean circulation was suspended
during the past quarter to permit the rotating basin apparatus
to be used by Mr. Stommel and Mr., Farmer for studies of the effects
of rotation on flow through transitions in flumes. Plans were
made during the interval for study of the wind-driven circulation
of southern hemisphere oceans and for quantitative restudy of the
earliest experiments of the wind-driven circulations within rec-
tilinear boundaries, Dr, Kierstead's analysis of wind-driven
systems (W,H,0.I. Tech, Rept., Ref, No, 52-87, Oct. 1952) suggests
means for quantitative experiments and a recent paper by Corkan
and Doodson (Proc, Roy. Soc, A (1121) 215, 1&7-162§ offers a
theoretical basis for studies of tidal motions in a rotating
reference frame, A paper by Mr, von Arx describing the qualita-
tive experiments he has done on the northern hemisphere circula-
tions is being published in the next issue of Tellus under the
title "A Laboratory Study of the Wind-Driven Ocean Circulation".
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MODEL STUDIES OF ESTUARIESR

During the paat quarter estuary studlfes have conalated pri-
marily off two fleld trips to the KNennebeco Kiver ana the study
and interpretation of the data, The objective of these trips
wan Lo make measurementa of the horlzontal and vertical velocelty
fluctuatliona, and of temperature and conductivity at selected
times during the tldal cycle and at vartfous stationas in order
that the veprtlcal flux of momentum and sallnlty could be deter-
mined, For these measurementa an Inatrument was developed by
Mr, Donald Parson conslating of a von Arx current metey, conduce-
tivity cell, thermistor and a vane sensftive to the vertical fluc-

I tuatlona of velooity,
i Regulta tndleate a turbulent stresa or flux of momentum cof
i as much aa 15 dynes,/om and a heat flux up to O,1°F, cala,/om:

at mld-deptha, The ratio of the heat to momentum Austausch wasn
dotermined In two Inatances at 0,0 and 0,13, These ratios are
larger by at least an order of magnitude {rom those of Jdacobsen
for Randerafjord and Schulta's Grund who used long time averages
to eliminate the tldea, Ualng thia method of Jacobasen for the
Nennebeo data thia ratto ta 1,0,

Mr, J, R, D, Francls who la on leave from the Imperial College
In London on a fellowahip with the Wooda Hole Qeeanographic Inati-
tution has contributed greatly to this work., Mr, Stommel and Mr,
farmer alao took part,

MISCELLANKEOUS

Salinity Titratlona, The following groups of salinlty samplen
have been tltraled:

ATLANTIS, Crutae #1778 Wo
Great South Bay 59
CARYN 120
BEAR, Crulae #3060 SO
ASTERIAS, Crulae B<g 2L
ALBATROSS 111, Crulse #h. 895
ALBATROSS 111, Crulse #)3 __3186

Total 2ylle

Ten carboys of sea water In varfous dilutlions were prepaved
for Wwallace and Tlernan,

A taohnictlan was engaged at the end of September and trained
during the following month, The department now conalata of three

peraons,
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Thermometor Calibrationsa, No thermometer callbrationa were
made durlng thla quarter, Mr, wWhitney completed all calibrationa
during the third quarter and only record work was lef't to be done,

Aa of December 31 a conslderable number of thermometera are
on hand for calibration, and a much larger number are ascheduled
to arrive in the next few montha, The total number of instru-
menta now in proapect for callbration durling the comlng year ia
17, with the probabllity of still more to come,

Thias Inatitution has ordered a substantial number of revers
alng thermometera, which, when precelved, should provide a suitable
number of Inatruments to equip all our veasels and speclal (leld
projects,

During 1952, eight reveralng thermometers were loat at soas
or broken beyond repalr in the course of normal use, A number
of others suffered minor damage and have been repalred and
returned to service,

Mr, Bumpus continued to auperviase thia department,

BIBL1OGRAPRHY

Papera Submitted for Publication., The following papers were
submitted for publication:

Farmer, H, G,, and G, W, Morgan: The salt wedge, Proc, Third
conf, on Coaatal bkng.

Francis, J. R, D,t A note on the veloolty dlatribution and bot-
tom stresa In a windedriven water current asyatem, J, Mar,
Rey,

Red(leld, A, C,¢ Interference phenomena in the tldea of the Wooda
Hole reglon, J. Mar, Rea.

Stommel, H,, and H, G, Farmer: Control of salinity in an eastuary
by a transition, J, Mar. hea,.

Stommel, H,, and W, 8, von Arx, D, Paraon, and W, 8, Richardason:
Rapld aerial aurvey of Gulf Stream with camera and radla-
tlon thermometer, Helence,

Publiahed Papoera, The following papera were publliahed dur-
ing the quarter:
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Iselin, C, 0'D.: The Gulf Stream system, Proc. Amer, Phil,
Soc., 96(6):660-662,

L T

Malkus, w, V, R,, and M., E, Stern: Determination of ocean
transports and veloclties by electromagnetic effects,
J. Mar, Res,, 11(2):97-105, 2 text figs.

Stommel, H,, and H, G, Farmer: Abrupt change in width in two-
layer open channel flow, J, Mar, Res., 11(2):205-21}, 3
text figs.

von Arx, W, S,: Notes on the surface velocity profile and hori-
zontal shear across the width of the Gulf Stream, Tellus,
4(3):211-21Y, 3 text figs,

: A laboratory study of the wind-driven ocean circulation.
Tellus, 4(L4):311-318, L4 text figs.

Technical Reports, The following technical reports were
distributed during the quarter:

Ref, No, 52-79., A comparison of certain wind, tide gauge and
current data, By J. Chase., 3September 1952,

Hef, No, 52-87. The wind-driven ocean on a rotating basin. By
Henry Kierstead. October 1952,

Hef, No., 52-88, On the nature of estuarine circulation, Part I
(Chapters 3 and 4)., By Henry Stommel and Harlow G, Farmer.
October 1952,

Ref, No, 52-95, Report of the combined BEAR-CARYN cruise of

dJuly 20 to 26, 1952, by W. Malkus, Henry Stommel, H. G.
Farmer, September 1952,
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